Abstract: This article describes the successful application of the DOSY method for the separation and analysis of the α-and β-anomers of carbohydrates with different diffusion coefficients. In addition, the DOSY method was found to effectively separate two kinds of glucopyranosides with similar aglycon structures from a mixture.
Introduction
High-resolution nuclear magnetic resonance (NMR) spectroscopy has become an excellent established tool for determining the molecular structures and conformations of compounds while preserving the sample integrity. In addition, pulsed gradient spin echo (PGSE) NMR is recognized as a powerful technique for the determination of diffusion coefficients and the separation of different species in a mixture on the basis of their diffusion coefficients [1] . Diffusion-ordered NMR spectroscopy (DOSY), which displays the PGSE NMR data in a two-dimensional spectrum, is a practical experiment for separating the 1 H NMR spectra of different species [2] . In addition to the DOSY separation of a mixture, the DOSY method has been widely used for the characterization of high-molecular-weight polymeric compounds and the identification of supramolecular structures [3] [4] [5] [6] [7] [8] . However, the DOSY method has generally failed to identify the isomeric species of similar size and structure because of their similar diffusion coefficients. Therefore, recent studies on the DOSY technique have focused on developing strategies for the separation of isomeric species [9] [10] [11] [12] [13] [14] . The DOSY method has been also applied to carbohydrate chemistry as a tool for the separation and analysis of mono-, di-, oligo-, and polysaccharides, as well as for the structural analysis of metal-complexed carbohydrates [15] [16] [17] [18] [19] [20] . However, reports on the application of the DOSY method for the separation of carbohydrate anomeric isomers are still scarce. With an aim of increasing the utility and applicability of the DOSY method in carbohydrate chemistry, we tackled its evaluation in the separation and analysis of the α-and β-anomers of carbohydrates.
Results and Discussion
The DOSY analysis for the isomer separation in a mixture of α-and β-anomers was investigated using several kinds of carbohydrate derivatives of glycopyranosides and glycopyranoses, as shown in Figure 1 . Cello β-pNPGlc 
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DOSY Separation of a Mixture of Two Kinds of Glycopyranosides Having Similar Aglycon Structures
We also investigated the DOSY separation of a mixture of two kinds of glycopyranosides having a similar aglycon structures. The DOSY spectrum of a mixture of 10 mM α-PhGlc and 10 mM α-arbutin in D 2 O at 30 • C clearly separated the two kinds of glycopyranoside species, which exhibited different diffusion coefficients (D) of 5.77 × 10 −10 m 2 ·s −1 (α-PhGlc) and 5.49 × 10 −10 m 2 ·s −1 (α-arbutin), as shown in Figure S6 . The DOSY spectrum in Figure S7 also evinces the successful separation of a mixture of 10 mM β-arbutin and 10 mM β-pNPGlc, whose diffusion coefficients (D) were 7.2 × 10 −10 m 2 ·s −1 and 5.6 × 10 −10 m 2 ·s −1 , respectively. The NMR spectra were obtained using a JEOL ECA-600 spectrometer (JEOL Ltd., Akishima, Tokyo, Japan), using 20 mM concentrations for the individual samples and 10 mM concentrations for the mixtures. The 1 H NMR spectra were recorded at 600 MHz. The chemical shifts were referenced to the solvent values (δ 4.70 ppm for HOD). The spectra were analyzed after 16 scans and 4 dummy scans. The 2D DOSY experiments were performed at 30 • C using the bipolar pulse pair and longitudinal eddy current delay sequence. Gradient amplitudes were 20-247 mT/m. The spectral width was 6000 Hz. Bipolar rectangular gradients were used with total durations of 1 to 2 ms. Gradient recovery delays were 0.1 ms. Diffusion times were between 50 and 200 ms. The relaxation delay was 7.0 s. The spectra were analyzed after 256 scans and 16 dummy scans. The spectral analyses were processed by the Delta NMR processing software version 4.3.6. (JEOL USA, Inc., Peabody, MA, USA).
Materials and Methods

Conclusions
This article describes the evaluation of the DOSY method for the separation and analysis of the α-and β-anomers of carbohydrates. We found that the α-and β-anomers of carbohydrates having different diffusion coefficients can be separated by using the DOSY technique, and their individual diffusion coefficients can be determined. In addition, the DOSY method was also applicable to the separation of two kinds of glucopyranosides having similar aglycon structures from a mixture. 
